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(54) Aluminum alloy impeller and manufacturing method of the same 



(57) There is disclosed a high heat resistant alumi- 
num alloy impeller, which is suitably used as an impeller, 
especially for a centrifugal compressor, and for the rotor 
and the blade of a turbo molecular pump or the scroll of 
a scroll compressor. Also, a method for manufacturing 
this aluminum alloy impeller is disclosed. The impeller is 
composed of an Al-Fe rapid solidification aluminum 
alloy, which is produced by a spray forming process for 
spraying a molten metal with inert gas and rapidly solid- 
ifying the metal at a cooling speed of 10 2o C/sec. or 
higher while simultaneously deposing the metal. The 
rapid solidification aluminum alloy is subjected to hot 
extrusion processing within a temperature range of 
<r- 200°C to 600°C and further subjected to hot forging. 
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Description 

BACKGROUND OF THF iMVFMTinM 
5 Field of the Invention 

Description of the Relate Arj 
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impeller, and so on, to which a large force was applied Smber *° r 3 ,ar9e notary 
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Furthermore, as a sintered body, its strength, rigidity and other characteristics were improved. However, since Hs 
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ductility was low not only in a room temperature but also even in a high temperature, secondary processing after sinter- 
ing was difficult and extrusion processing and free forging of a large billet were practically impossible. 

Consequently, the application of the above-noted PM process was limited only to such small members as a piston 
for a small engine, a connecting rod and a member for an electric apparatus. 

SUMMARY OF THE INVENTION 

The present invention was made to solve the problems discussed above. It is an object of the invention to provide 
an easily enlarged impeller made of an aluminum alloy having an excellent high temperature strength characteristic 
which is stably maintained without any structural changes even when the alloy is heated for a long time if a temperature 
is set within a range of a room temperature to 400°C and without any sudden reduction in a strength, instead of an age 
precipitation type heat resistant aluminum alloy (e.g., JIS A 2618 alloy) produced through the step of dissolving/forging 
which has conventionally been used or an aluminum alloy produced by the PM process. It is another object of the inven- 
tion to provide a manufacturing method of such an aluminum alloy impeller. 

The object of the present invention is achieved by an aluminum alloy impeller, which comprises an Al-Fe rapid solid- 
ification aluminum alloy produced by a spray forming process of spraying a molten metal with inert gas and rapidly solid- 
ifying the metal at a cooling speed of 10 2o C/sec. or higher while simultaneously depositing the metal. The rapid 
solidification aluminum alloy is subjected to hot extrusion processing within a temperature range of 200°C to 600°C and 
also subjected to hot forging within the same temperature range. 

In the aluminum alloy impeller constructed in the manner described above, the components of the Al-Fe aluminum 
alloy include Fe, V, Mo, Zr and Ti. By weight, Fe is 4 to 12%, V is 0.5 to 5%, (Mcn-Zr+Ti) is less than 5% and the remain- 
ing part is composed of Al and inevitable impurities. 

, In the aluminum alloy impeller constructed in the manner described above, the components of the Al-Fe aluminum 
alloy include Fe, Mn, V, Mo, Zr and Ti. By weight, (Fe+Mn) is 5 to 1 1%, Fe is less than 8%, Mn is less than 8%, V is 0.2 
to 4%, (MofZr+Ti) is 0.2 to 4%, a Mn/Fe ratio is between 0.2 and 4 and the remaining part is composed of Al and inev- 
itable impuritios. 

The aluminum alloy impeller of the invention is an impeller for a centrifugal compressor. 

The object of the present invention is also achieved by a method for manufacturing the above-noted aluminum alloy 
impeller. This method includes the steps of producing an Al-Fe rapid solidification aluminum alloy by a spray forming 
process of spraying a molten metal with inert gas and rapidly solidifying the metal at a cooling speed of 10 2o C/sec. or 
higher while simultaneously depositing the metal, subjecting the obtained rapid solidification aluminum alloy to hot 
extrusion processing within a temperature range of 200°C to 600°C, and subjecting the alloy to hot forging. 

In the aluminum alloy impeller manufacturing method described above, the alloy is subjected to hot pressing or hot 
isotropic pressing (referred to as HIP. hereinafter) before or after the hot extrusion processing. 
Next, the modes for implementing the present invention will be described in detail. 

The aluminum alloy impeller of the present invention is composed of an Al-Fe rapid solidification alloy, which is pro- 
duced by the spray forming process of spraying a molten metal with inert gas and rapidly solidifying the metal at a cool- 
ing speed of 10 29 C/sec. or higher, while simultaneously depositing the metal. The rapid solidification aluminum alloy is 
subjected to hot extrusion processing within a temperature range of 200°C to 600°C and further subjected to hot forg- 
40 ing. , . 

Here, in order to obtain the aluminum alloy of the present invention, first, a molding (billet) is obtained by the spray 
forming process (referred to SF process, hereinafter) for rapidly solidifying an Al-Fe aluminum alloy from its molten state 
with inert gas at a cooling speed of 10 2o C/sec. or higher while simultaneously depositing the alloy. 

Then, the obtained Al-Fe rapid solidification aluminum alloy powder is subjected to hot extrusion processing within 
45 a temperature range of 200°C to 600°C. If necessary, hot pressing or hot isotropic pressing (referred to HIP, hereinafter) 
may be performed before or after the hot extrusion processing. 

In the impeller manufacturing method of the present invention, the SF process which is a rapid solidification proc- 
ess rapidly solidifies an aluminum alloy from its molten state at a cooling speed of 10 2o C/sec. or higher. Since this SF 
process sprays a molten metal with inert gas and rapidly solidifies the metal while simultaneously depositing the metal, 
so the number of steps can be greatly reduced compared with the conventional PM process, producing costs can be 
reduced and a rapid solidification billet can be easily enlarged. 

As a billet for the impeller of the present invention, an aluminum alloy which includes Fe, V, Mo, Zr and Ti for its com- 
ponents is used. 

By weight, Fe is 4 to 1 2%, V is 0.5 to 5%, (Mo+Zr+Ti) is less than 5% and the remaining part includes Al and inev- 
55 itable impurities. 

In the impeller manufacturing method of the present invention, an aluminum alloy is rapidly solidified from its molten 
state at a cooling speed of 10 2o C/sec. or higher by using the rapid solidification process and thereby a fine and uniform 
structure is obtained. Such a structure can be formed for the reason that since a metallic structure becomes very fine 
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(Manufacturing Method of Aluminum Alloy Impeller) 

For the aluminum alloy impeller of the present invention, first, an AI-Fe-containing alloy molten metal is rapidly solid- 
ified by the spray forming process at a cooling speed of about 10 2o C/sec. or higher and simultaneously deposited, and 
thereby an AI-Fe-containing aluminum alloy is produced. Then, the alloy is subjected to hot extrusion processing within 
a temperature range of 200°C to 600°C and further subjected to hot forging so as to form a balance between a strength 
and ductility, and thereby reliability as a rotor is provided. 

Herein, the hot extrusion processing is performed in order to subject the AI-Fe-containing rapid solidification alumi- 
num alloy to hot forging and closed die forging. 

Comparison in alloy characteristics between an AI-Fe-containing alloy produced by the conventional PM process 
and an AI-Fe-containing alloy produced by the process of the present invention will be described below with reference 
to "a testing example". 

(1) Material Component 

For mixing of an AI-Fe-containing alloy in the present testing example, an "AI-8Fe-2Mo-2V-1Zr M alloy was used 
as "a material component 1" and an "AI-4Fe-4Mn-2Mo-2V-1 Zr" was used as "a material component 2". 

(2) Producing Process 

i) Ingot Production 

An ingot having the above-noted specified alloy component was produced by the spray forming process. 
The size of the ingot was 0330x1000mm. 

ii) Hot Extrusion Processing 

Then, the obtained ingot was heated to about 350 to 450°C and subjected to hot extrusion processing. If 
a processing temperature had been lower than 350°C, extrusion processing would have been difficult because 
of large resistance. If the temperature had been over 450°C, the structure would have been changed after heat- 
ing for a le-ig time and a reduction would have occurred in a material characteristic. 

An extrusion processing ratio is better when it is larger. Preferably, the ratio should be set to at least 2.0 or 
higher, because when the ratio is less than 2. undesirable cracking may occur during hot forging which is per- 
formed thereafter. 

In the present testing example, the material was extruded from 0320 mm to 0200 mm by setting an 
extruding temperature to 400°C and an extruding ratio to 2.56. 

iii) Forging 

In order to further improve the homogeneity of the material, the material which has been subjected to hot 
extrusion processing is repeatedly subjected to hot forging (upsetting/cogging) within a temperature range of 
350°C to 450°C. In the present testing example, a forging temperature was set to 400°C. 

iv) Then, the material was formed to have a specif ied shape and by three dimensional machining, an impeller 
. was manufactured. 

The material characteristics of the impeller obtained in the testing example are shown in "table i". 
This impeller was compared with the impeller which was manufactured based on the conventional PM process. 
The steps of the conventional PM process which was compared will be described below. Since a billert having a 
large diameter of 0100mm or higher cannot be produced by this process, a small billet of 030x300mm was produced. 

(1) Material Component 

For mixing of an AI-Fe-containing alloy in the comparison example, as in the case of the above-noted testing 
example, an "AI-8Fe-2Mo-2V-1Zr" alloy was used as "a material component 1" and an "AI-4Fe-4Mn-2Mo-2V-1Zr 
alloy was used as "a material component 2". 

(2) Producing Process 

i) Alloy Powder Production 

An alloy having a specified component was dissolved, and from this alloy rapid solidification powder was 
produced by an Ar gas atomizing process. A cooling speed for the gas atomizing process should be set to 1 0 3 
to10 4o C/sec. 

ii) Hot Extrusion Processing 

Then, the obtained alloy powder was classified as one having a grain size of 300pm or lower, enclosed in 
an aluminum canister and degassed in a high temperature vacuum of 400°C. Then, the alloy powder was 
heated to 450°C and subjected to hot extrusion processing. An extruding ratio was 9.8 and a billet of 018mm 
was produced. 
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The material characteristics of the comparison example are shown in "table V 
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As shown in table 1 , from the comparison in material characteristics between the billet prod. 



luced based on the proc- 
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ess of the present invention and the billet produced based on the conventional process (PM process + extrusion 
processing), it can be understood that although the tensile strengths in a room temperature and a temperature of 250°C 
are the same, the elongation for the billet of the present invention during tensile breaking is larger both in the room tem- 
perature and the temperature of 250°C. 

5 Therefore, the present invention provides an excellent material as a highly strong and highly tenacious billet. This 

billet can be used for a product of which high reliability is required, such as a high-speed rotor and the like, or a large 
product to which a large force is applied. 

For the billet produced based on the conventional process (PM process + extrusion processing), since ductility is 
extremely low not only in the room temperature but also even in the temperature of 250°C, the billet cannot be subjected 
.10 to hot free forging in this condition. 

The aluminum alloy of the present invention is a rapid solidification aluminum alloy produced by a rapid solidification 
process based on the spray forming process. Accordingly, different from an alloy for securing a strength by a heat treat- 
ment, such as a conventional age precipitation hardening alloy, no sudden reduction occurs in the strength of the alloy 
even in a temperature region which exceeds 200°C and compared with a currently used A 2618 alloy as a heat resistant 
is aluminum alloy, a high temperature strength characteristic is greatly improved. 

For a JIS (Japanese Industrial Standards) A 2000 Al-Cu alloy or an Al-Cu-Mg alloy having heat resistance among 
the conventional dissolved/forged aluminum alloys, if the alloy is heated at least in a temperature of 1 80°C or higher for 
a long time (100 hours or more) with an age temperature set to 150 to 180°C, its strength is reduced. Accordingly, for a 
centrifugal compressor with a target total driving period set to 1 00 thousand hours or more, the conventional heat resist- 
20 ant aluminum alloy can be used only up to a temperature region of about 1 50°C. However, by using the aluminum alloy 
of the present invention, heat resistance is improved and the impeller can be driven for a long time even in a tempera- 
ture region which exceeds 200° C. 

Furthermore, according to the Al-Fe-V rapid solidification aluminum alloy of the present invention, hot forging has 
been established, and an art for molding a large member and simultaneously subjecting the member to hot forging has 
25 been realized. Accordingly, compared with the conventional rapid solidification aluminum alloy produced by the PM 
process, not only a stren^h but also ductility (elongation of 4% or more during tensile breaking in the room tempera- 
ture) can be secured and thus the alloy of the invention can be suitably used as a member for a large high-speed rotor. 

As a material for a rotor, it was difficult to use the conventional rapid solidification aluminum alloy having a high 
strength because of low ductility. Further, even high temperature forging was very difficult, cracking occurred because 
30 of low ductility, and thus the conventional alloy was not utilized for a large constitutional member. 

In other words, the conventional rapid solidification aluminum alloy having a high strength had elongation of 2% or 
lower during tensile breaking in the room temperature. Thus, this alloy was not utilized for the impeller as a high-speed 
rotor, because stress generated in the vicinity of the center part by a centrifugal force was largest and there was a pos- 
sibility of brittle fracture during maneuvering if a material without any ductility was used. 
35 As apparent from the foregoing, for the impeller used for a centrifugal compressor, the present invention provides 
a rapid solidification aluminum alloy which has stable characteristics including an excellent high temperature strength 
characteristic without any structural changes even when the alloy is heated for a long time if a temperature is set within 
the range of a room temperature to 400°C and without any sudden reduction in the strength. 

Therefore, if this alloy is used for, for instance, an impeller made of an aluminum alloy, the impeller can be manu- 
<o factured to be light in its weight and at low costs. Also, a compression ratio for the manufactured impeller can be 
increased from the current 3.5 (highest temperature; about 1 70°C) to a ratio of 5.0 (highest temperature; about 250°C) . 
Thus, the impeller can deal with higher performance attained in the engine side. 

Consequently, compared with the conventional cast steel or titanium alloy impeller, the impeller of the present 
invention is advantageous in terms of manufacturing costs and responsiveness. Thus, the invention is effective both in 
45 the improvement of centrifugal compressor performance and the reduction of costs. 

Furthermore, since hot forging, and so on, are executed, compared with the conventional rapid solidification alumi- 
num alloy, not only a strength but also ductility can be secured (elongation of 4% or more during tensile breaking in the 
room temperature). Thus, the alloy of the present invention can be suitably used as a member for a large high-speed 
rotor. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a vertical section view illustrating a structure for a conventional centrifugal compressor impeller and an 
impeller of an embodiment of the present invention. 

55 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, the embocfiments by which the effects of the present invention can be realized will be described. 
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< Embodiment 1 ) 
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The outer diameter of the impeller is approximately 0350mm 
taneously depositing the alloy. ^ peea OT 10 ° /sec - or h, 9her and simul- 
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< Embodiment 2; Addition of Mn to the Aluminum AJloy of Embodiment 1 ) 

A hot forged b.llet (0370x200mm) made of an Al-Fe-Mn-Mo-V-Zr alloy was proTuTS 

< Embodiment 3) 
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components and the method similar to those in the < Embodiment 1 > . Then, a rotor and a blade were manufactured by 
machining. 

For the obtained billet, it was confirmed that a creep rupture strength of 250°Cx1,000hr. was the same or higher 
than the creep rupture strength of 180°Cx1 ,000hr. for the conventional material (JIS 2014 alloy) and that a strength was 
s especially greater in a high temperature. 

The rotor after final processing was attached to a rotation testing machine on a base and subjected to a rotation 
testing by a real machine operated to a specified rotating speed. Then, it was confirmed that there were no abnormali- 
ties such as vibrations and good performance was obtained. 

w (Embodiment 4) 

This embodiment is for the scroll of a scroll compressor. 

In recent years, attention has been paid to a freezing/air conditioning scroll compressor as a high performance 
compact compressor for business, home or automobile use, mainly because of smaller vibrations and operation 
75 sounds. For the main body of such a scroll, in order to attain lighter weight and higher performance, an Al-Si-Cu-Mg 
aluminum alloy (JIS AC8C) for forging has been used. This alloy is light in weight and easily produced at low costs. 

However, with the improvement of reliability made following a temperature increase (1 50°C to 200°C) in a scroll part 
caused by improved performance and the extension of a service life, there is a shortage of a high temperature strength 
(creep strength or fatigue strength) for the currently used aluminum alloy for forging. 
20 Accordingly, in the embodiment, a billet was produced by using an AI-Fe-containing rapid solidification alloy and the 
components and the method similar to those in the < Embodiment 1 > . Then, the billet was processed to have a shape 
approximately similar to a product by closed die forging and a finished product (scroll) was obtained by performing final 
machining for the billet. It was confirmed that the high temperature strength (tensile strength, creep rupture strength and 
high temperature fatigue strength) of the obtained biller was the same as those in the embodiments 1 and 2 and that 
25 the strength was much greater compared with that for the aluminum alloy (JIS AC8C) for forging as a conventional 
material. Further, it was found that the compressor constituted of the above-noted scrollwas capable of performing a 
high compression operation in which discharge gas temperature exceeded 150°C and its performance was greatly 
improved compared with the compressor using the conventional scroll. 

As apparent from the foregoing detailed description made with reference to the modes for implementation and the 
30 embodiments, according to the present invention, an aluminum alloy impeller having reliability as a rotor and an excel- 
lent high temperature strength characteristic can be provided by executing hot forging and closed die forging (hot extru- 
sion processing is also executed when necessary) and keeping balance between a strength and ductility. 

Consequently, in the case of an atmosphere suction single stage type often used as a compressor for a large diesel 
engine, for instance, a pressure ratio can be increased up to about 5.0 (highest temperature; 250°C) and requests for 
35 the improvement of engine performance can be mostly satisfied. This compressor can also be manufactured so as to 
have good responsiveness as a centrifugal compressor at low costs. 

Furthermore, the present invention can be applied for manufacturing of other small engine superchargers, a high 
speed rotor of which light weight and heat resistance are required, for instance the rotor and the blade of a turbo molec- 
ular pump or the scroll of a scroll compressor. The invention is quite effective in the improvement of performance for 
40 each of these devices. 

Claims 

t . An aluminum alloy impeller comprising: 

45 

an Al-Fe rapid solidification aluminum alloy, which is produced by a spray forming process of spraying a molten 
metal with inert gas and rapidly solidifying said metal at a cooling speed of 1 0 2o C/sec. or higher while simulta- 
neously depositing said metal, 

wherein said rapid solidification aluminum alloy is subjected to hot extrusion processing within a temper- 
50 ature range of 200°C to 600°C and further subjected to hot forging within said temperature range. 

2. An aluminum alloy impeller as claimed in claim 1, wherein components of said Al-Fe aluminum alloy include Fe, V, 
Mo, Zr and Ti and by weight %, Fe is 4 to 12%, V is 0.5 to 5%, (Mo+Zr+Ti) is less than 5% and a remaining part is 
composed of AJ and inevitable impurities. 

55 

3. An aluminum alloy impeller as claimed in claim 1 , wherein components of said Al-Fe aluminum alloy include Fe, 
Mn, V, Mo, Zr, and Ti and by weight %, (Fe+Mn) is 5 to 1 1%, Fe is less than 8%, Mn is less than 8%, V is 0.2 to 4%, 
(Mo+Zr+Tl) is 0.2 to 4%, a Mn/Fe ratio is more than 0.2 and less than 4 and a remaining part is composed of Al and 
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inevitable impurities. 



5 

5. A manufacturing method of an aluminum alloy impeller comprising the steps of: 

depositing said meS P * ^ at 3 C °°" n9 Speed 0f 10 ° C/sec - ° f ^ while simultaneous* 

ra^foSc 2X32? S °' idif * afi0n a ' UminUm a " 0y t0 eCtrUSi ° n Pr ° CeSSin9 Wrthin 3 ^0*"*™ 
further subjecting said rapid solidification aluminum alloy to hot forging. 

» • 6. A manufacturing method of an aluminum alloy impeller as claimed in claim 5. further comprising the step of: 

^« hSSS £5£ a ' UminUm a " 0y " ^ ° r h ° l P~ • (H,P) before 

* 7. Ana.uminium^oy impe,.er according to Cairn 3 wherein a rato of Mn/Fe lies in the range from 0.2 to 4. 

- 9- An a.uminium a..oy Impeller according to claim 8 wherein the grain size of intermeta.Bc compound is 3,m or less 
1 °- Z^Tct^^^T^^^^ to4and7to 9 wher^ntheducti, rt y of the 

related to the life of the impeller. temperatures in excess of 250°C for extended periods 
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